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[aW©»a&Bffln 

[0 0 0 1] 

C0 0 0 2] 

(LED) fc*»anT^**^yt/ttG.aAs, I 

H 7 |/-AClWy 7££gU#ffiTitlfcL£L ED 

fcioTV>*fc&v £<D*^?:/2 4fc»J-l*:7l/- 
CD 5 5 0 (£A>y*SV^tt««tt^-X MC* 0 

***U fe5H-*o«ll*7-ifir-*>7 if -f>yi!Et:J: 
■p-cy - F«#4 8 fc**T*««fr«**&?TV> 

&»fcX#*>1»II«:2TffJtUTLED2 5*»«U 

^ ^ y 7 r fC £ * L E D #a«3 tlT V> 

*. (ft §§¥4- 1 0 6 7 0) C®aattatt£*LhlC 
»*■ * T'fcfl HTfWLfc L E 

D t LTi4, IS 1 3 [ZtfTT «fc -5 fc*J&T& Q , y 

V 2 4©«a 1 9, 2 ofc^ou^feaxaaictt 

fit, U-K«**5.1, 5 2 ?\>9h*\s* 
[0 0 0 3] 

»rwfca*T**©ir. jEftoaatisaai:: 1 a 

A«:a«r-safw»a«a©«a*'j - nawc^-f # 
>yu a*aa<!t>««tta<Dy-i«*»jc7-f 

b«c»jbks nfc 2 aaaasu - h 7 i^-ak^ust 


(2) . $B¥6-6 9 5 4 6 

2 

l^lC<D^^Ttl H-BWC2a©«aS#J8Lfc 
J«a^Xtt2 0 0 umKTtL)a:^6t4^6T, A 

>^*svittaaft^-x Mc*'5»axac*(r5T2 
aoaaa^aaLTb^^tv^aa^ftofc. * 

**^v7 f lMXIC#? , aA>ya*W4»att'*. 

-*M;:±b«»an*aaa«jW£v>*:a, 

ftsv^tt^^tto^^feaa^aa/^-r^tajar* 

K±©»*^as*ft»3!fc^*-H**a"r*«-&jc 

5fc/hs< Lfcttniifcfc-r. A>y*5v»»4#aa^ 
-xKci«*atu-F»»t©»a«^jaT»o- 

f-y^4aw<t»«tta«s«ai/T*D, a*tfc* 
*»«*aur»oairaa©«:»fc:a«c«fci3eoa 

[0004] *aa& nenaA«aftUTna^a- 

SJ:<«*»tt«)j9t#*LEDSa*LJ:5(i:r*t»© 
T&5, 
[0 0 0 5] 

[aasaft-rs&ft©**] "♦aaasaaBwajs 

.'av^a^y^^TCDaaiifty-HWtfcftaa 
-r«ac7-fi'-«>^>Vi6€a^*ci:T. wa 

30 ■*<ft»tt»tt*#T*LEP«r»iSi;««T#5J:.9 
llftofc&COTfc*, 

[000 6] t&±>^ *aat4aaasa±&nfi¥ 
2*#®> pS43*t/i«*»#a^satfn&-2aa± 
©a^b*^&ft*a3eaft*a:<a:t>-t3*i/, ^ 
o*a»a©^»«ttfc«*a^aE€Biiiirr*&* 
waa^-ra^u-^aawaT^^^^viT. < 

atU-HBJ».<!:0««*^T7-fr-T*saa«:« 

-at^ea*^^- Hsa« , r* 5 b©T»a. 

[0 0 0 73 *aWK*tt-6«»tt««tl/T»4aB** 

40 ¥a.T*ntf*<. a«Ti>j;<>FaaT%j:v>. aa 

tta«tUrft«»«:fe<DtLrtt, 1^7r<7 (A 1 
' i Oj ) \ 5£ (S 10,), afl5V^*S/^A (Mg 
6>, ^>aXhD>^7A (SrtlQ» ) . 7y 
ffc#;l^>9A (CaF 2 ), yyttrtif*i/$2x (Mg 
F 2 ) , a*t?*> (TiOi ) UfcU 

»*±c*«»ai-*¥*#»«©«HF*«w«co«a 

tt»«a)* : F3ea»ia*^fcfc'ba>€fflv»s<z>^i 
■ c ©»aa*«&a*± icaaaar 

50. IIffiL<t4 5%J^T<i:r^c 7 )^<fc^. C^^ailC^S 
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3 

7-f7R®£9. 2' *7Lfc»RSj||V»* 

■#*ilt®l«Ilc/Xv7rJB*R»tTt,J:^. /X?77lB 
iLTtt7^77XttO«jS» «Atf A 1 N. Ga 

n. si. sica*. $> z wtmta&to'g t lt, m 

AtfAlN. ZnO> S i C**i8W«ct*J-p*«. 
[0 0 0 8] *3B«l=*VJTIB»ttWE±C5B}|»S» 

fifc-f?)75S(»:LTtt. MBE (Mo 1 ecu 1 a r B 
e am Epi taxy) ft, CBE (Chemi c a 
IBeam Epitaxy) ft, MOMB E (Me t 
al Organic MBE) S> CVD (Chem 
i c a 1 Vapour Deposition) ft. 
MOCVD (Metal Organic CVD) ft 

WW»*Ci.!)JBltt«l±l:»IUlH«tS. c 

©K*e»iM i swa, p n«^^-r5-»^;^x 

[0 0 0 9] **mc*tt«BXJI&tt. nl^# 

1. PS*«t(^lS4'*fr)i75^atftlS:21ijK±CD«l 

ff«v««d(r«ii«ff!ii. i 1 1 -vmitsmm 

SST*5^77'T7, CaF. , MgO«l:61iQ 
A»*#R©«S*t^|g T$ 0 ftfc Jff * t n 
-5. 

[0 0 10] *»BT«»B||^ V 7T«MHt»«* 
ffl^*fc»fcR»l*©ra^HnciE*H&©«a* 

[0 0 11] *«fJC*t*««*«*y s ,7'©WM« 
^ftiLTtt, MBEft, »2&:ffft. «Ttf-AIBt« 
». X"??SKWfc&. «ft4f*&l,Tttn.a¥*ft 

f»S*l*t>©*tff;£L<. ^«Jp*rfcJ;<. 2«eu 


8»¥6-6 9 5 46 

*H. I I I-VR<b^«ftT*5GaN 

©*^fc-tt. nWaNIKBAl. In. Ti. P 
b, Sb. Nb. Zr. MnfffttiCfflHi^i^j; 
<. . 'fflSanttpaGaNJBKttAu. Pt, Ge. 
As.. Ir. Re. Rh. Pd, Ni. WlfSSffilCffl 

&£fo±?Zltlb\Z*-S. v#n&±tZN i. Ti, A 

[0 0 12] *S»fitatcAr. N, . He««)^t 
#XR*ft«fr>ttK+m©1ft^*e^ff;ittifr? 

JWfc*»t* L E-Dtt««** 0 Hi-r«jiS: £ 

20 *«a*#SfcDfflr&»KK P a».5fr>ttia¥*# 
»®affi$B7«affl|9«5 OX&T. #'£L<B4 0 
Xtt"F. S Stiff *l><tt3 0XaTti-*CiT» 

<s. *attpa»5V5eia¥**g©s 

iLTttH4fc«r*y htt. H5C*1-^i/«. 0 6 
K*f 3 7 >rtt£-r* C t«tT**-*i, 3 6 iCtt Eft 
6©/t*->©**1H*K. ft******. Wfc - 

*««©«•*** <-rtiH. 3t©®owL3***trfij± 

f*. «ff©«*lJ-7'3^n>Sftiu *o««|iBt> 
* n >m&<ow*t? * c t c «k 0 pS* « t>» 

i a*u#s©sffit *§-\znmz$>ijB-rz 1 1 t>£# 

[0 0 13] *&, MMMum S«±©f63tfl 

fe-a©^«Slta$Klt-5C.i:t>»SH^03t^: 
S. ^©*SSttn®iii»(t:»*«trJfpS»snttis 

Tffit?n5«fttL.TIJA 1 . In, Cu, Ag, P 
. t, I r, Pd. Rh. W, Mo, T i. N i 5?£>&J3 

©*#**v>a-?-n&©^^t* 5 , ^wsitstt. - 

• CNI. W, Mo§OS5WUSro^jS5«(JBLfc»liat 
«7 fsctfeif^Luferoia*. 


-315- 


5 

[0 0 14] *»nt*tjay-K7U-Affl»RttJB 

[0 0 15] *»WC*»t5S53t*^-7^£'J-KgB 

Sl, Pb-Sn^*/\>^, CCDA>:fK4>ae5 
Bi, Sb, Ag, Cd. Zn, I n$F©£JS£^jqb 
&*>©. BICN'a, Tl. Cd. Sn, Pb««*2H 
L^&lfcbjfcfe©, intZn. Cd, Sn, Bl«' 
K*L£4tfl:b&<&©. GalCAg. Zn, Sn, In 
• SSlDL^-ftfcLfcfcffl. Au. Al, In. Ag# 
»4I**WiAg, Au, CuSSfc-gXTSUBft^- 

tbTtt. ^«^#>5^>**B*)llWfcjMS*t 

v*tt»CJ: flBB-LftB. RBSffliKu- p. 

U - Pm*tt*«*«>IUXSU: 

[ooi6] s^anc^s***^??®** 

fliu*ct*j»ar»«. ?-f vmiz**)* 

hLTBB*.KiC. fcSHttfit** 

:Ottfi^5i7^t-(0#StLm Au. Ag. 
Cu. A 1 Aii-Si, A1-S1. A1- 

Mg, Al-Si-Mg, Al-NiSo^iO, 

J f"7-f1'-#>7 ; .f >^©f£*ft£*«LTB^««fc 
*>. fc^Tfc, Au*Al-S l#ffiMfc*J:U2:l>3' 

mBas©*^?^ >^cDfp*tts#*L 
tooi7] *nm\z*s\tzM±$tnti'T\t§&tm? 

Ttt, ***y;i*BB. x#*->*tfj!, 

a tz c n g os^ttimoKff eft »ttiwgK«« & ]i. 


#H¥6-6 9546 
[0 0 18] W±s91WLfeS>f;ft£ffl^T^SL-fcLE 

K*«fc^ i a¥««* imimx. 2 am±©«*sto-t± 

¥»frS©ffS©SJfi(c. JBEacBEeflifcrrs&ft 

IH^ 1 -/ 7*©S«Bftft»tt'j - FSMf 2 2 ©»»Si(c 
Mt6TA>y*3i*L&B, U-H««2 2©»«ffi 
*y 7*2 4 *«*/\>^o|LMU:Cill»L'T» 

1 ©*. aXttttttKJ; Oitji: LTLED 2 5 tfWt 

[0 0 1 9] «T, -BifOMMHWtbTA li 
Os S*fflUTMBEjS€:ffltiTGaN»iaej«IRUL 

2, 3*j:r;4. #7,-fe*7, »saB»*^y-s 

. SBAfc#XV— XMB-EBBSBfflbfc. 
[0 0 2 0] *58JBJky#2CttGa*B*A*l. SS 
BlCfcHTl 0"-10Vcm" • s e cfcfcSSg 
fclBBLfc. 7>«=:7©*Aett#;MIAW8«Jli 

Lfc. r >*=7®»A««E«|»Bfc*t» 

Tl 0"-l0»/cm' • seciztiZ&iizmb 

ft. mmKy#3\z\ti n . AissAn, >*£©» 

«©fl!^ftJfiB#. *±ZJme©**'J7ftft«*rs' 

45. B»ffl^y#4t:f4Mg. Zn, Be. Sb. S 
i, Ge. C. Sn. Hg. As, P$*£Aft. Bfjt© 

[0 0 2 1] ««6fctt*77-r7R'B*#yHU 2 0 
0^-9 0 0T:ClqBL&. 1J-77'f7RiBS1gtt. ^7 
«*t0. 8BKTfflt)ffl«tJfSbi». s-f. 5«6*S 
SSS 1«T7 5 OtTfftiftbfcB. #^>>#CB«© 
(£fi®SlcK«L. *-m»B^*3«B«. 0. 1 

~3 ot>ifx hn-A/s e cojsfcfiaarrro. 05 

~2jtim©j?*©nMGaN»B*f^«!-r5. ' 
©». Z n*? t r-5>L>!;B58ffl;^#4©->v->^- 
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7 

SB*. 0. i~3 0*>^xhD-A/ s ecOfiEg 
SKTO. 0 1-1 Km<0)9*TiI*5WipiGa 

[0 0 2 2] a±roJr3&*ftT^KLfc58JtJi^-r 
'* G a N»it « HTL E D «f|!St «XgtV2 

(a) #SH2 (h) la&^TRBt^, X$** 
«*«t>TA 1,' o. flJtc£«E*f« 1 7«JR«rs . 

(a) . g aNmrnMrntzu^^h^m^Tz. vv* 

£**l«<k<0. l-3#mit«CiW*U\. 
>3-*-©&frtt2 5 0 0 r Dm. 3 0 s e c T* 

.3 O^ffl^U^-^-T^ (b) . fc^,^-;, 

»««^^*»l>TUV«J6.f|«tff,fc ( C ) . 

<5^ttpS©GaN#Bl4S|»i-rs (d) . 

C0 0 2 3] fcis, #XS-C©-f*>5'J>5r£f75^ i 

*=7**H«a:i,T6 0 0-CT73 Oftflmnaift. 

ffofc* (e) , *a«»ttfc±-OnaGaNJH 5© 
*ffi£LTA 1 S3 0 0 0*>^XhD-AOJP$fo« 
«U , J7h*7KJ:0«a/td'->l 9£«jjEl,fc 
(f) . 5l>T»Sl/i;xhSltL. 
t-V. I ®«ffi«B5fflvx*£)St,>TUV*}e • SifcSfr « 
o£» (g) , XffiS*ttiCJ:Dpaft«^H:iSGa' 
Nfll 4<OttffiLTAuS3 0 0 Ot^^Xho-A 

'(h)' . Ar«4T3 0 0*C. ll^M 

CO 0 2 4] 'H±OJ:5lCbTff«LfcWI6«^y^ 
©ifcMKWItAV^fcJ: rj y- H ffl« 2 2 IcSSU 
nSGaNJg, i SG aN»©«I£7-f -F-s)*;^- 
ilfi*fflV>T3 0 tfm«Au«2 3 THE-ifVPft'J — K$ 
02 1. y - HflW 2 2 4» 

PZML. H3l£^-r«a:5mm<frLED2 5£f£fJU 
fc. 
[0 0 2 5] 

«T.. ^SfiWfc J: 0 3 & cmrcan-rs. 

[0 0 2 6] 

immmi] lta i. o, natca 

U MBEfclc«kr)CaN*Bt£j56RU S7>^tto 
«ffi*jgS^T-SS^.y 7£ffl^TL E D £f£SL/fc 
«fc^«-»TR9!f*. Si CvTJ:3tfX&*aift so 


101 . ttB?6-6 9 54 6 

•c. JB8«/Py#2. 4. #xir^7. fcitfgfcjaa 

#**A£8£«A£MBEgB£flH>£. 
[0 0 2 7] .**JIWy#2l=ttGa*B*Aft. 1 0 
5 OICfcfllULfc. #X<!:l,Tli7>*X7&ffi$U 
#X#Aff 8 £S LT#Xt;l, 7t5.cc/min ©a 
MrmVTt. 7>*=7#XW*«6«cB»*BT* 

JO IPl:toT2xio-'Torr-e^fc. 

[0 0 2 8] *r. Sfi6*9 0 OtTS O&flftHM 

u .^we7 5o-c©a«K«»Ljaui«;ff5. 

7>-fcX7& 3 o ox:\zuambiti}^±)i7A^m^L 

**t^Ga©;i,«/7j?cDv^.y^_ S | B{tTffK L 5 

*>?x hu-h/ s e c n&mmm-vmm o . 5 ». 

fflaIGaN|W«»L&. SSCMgSft-5?L,' 
T3 0 0CC*;fc*i&aJMJfcytf4©5/*s^-*B 

; ttMg H-^fflC aNIKSi. 5^>^XKn-A/ 
sec ©*Ra*TKJP0. 0 5 tfm©Jp$Tj£«LT 
» &*B£JgfigL;fc. d©fP8Lfc?UR©RHEED/t^ 

->ax s u-^ttT«att4s«tt;^aft J }ia«: Tafe 

[0 0 2 9] IS^W^iffianT^SSSiios^atr 
<C$aSSS^ViT2 X 10 :, Tor r ©X£ifi-?A 1 
* 3 0 0 0 h D-A©ff*T**LSWR*jg 

fi6L&. m>T»3tH±fcxe>3-^-Sffl|,jT2 5 
0 0 r pm. 3 0 s e c ©*#TU5?X>*a*U 9 

0 t©* ij 3 0 fm7U«-9 Lfc. 
» *^A*->«Jsfcffi©TX* *«v>Tuva 

*U'-8«L&. KViT, flQ8«E5 0 0 V. miJ2x 

1 0- 4 To r r©*ffcDArTl 5^W^^>s ij>£f 

£fliV>T2 5 0 0 r pm. 30seci5*ttTl/-/Xh 

*a*u 9 ot:©^y-.>*-rj'« , r3 o#m?v 
va*u aau&. rut, mmesoov.-ea 

2 x l 0 -« T o r r W*ftfflA r #ffl£WT 1 #mH 
>5'J>^SfTt»WS*iaSB!SL-/«:. 7 
•feh vXhS&SUi:. ^CUT. ««jtPlc-tyh 
tTl 0 c c/m I n07>t;7^«>fT5 0 0 
t:. 3 0^M©«jffla$fto^. x^n-;? 
— £fflV>T2 5 0 0 r pm. 3 0 s e c©*#TU^X 
hS**U 9 0 , CW^iJ->^--^>^i- e 3 O^ffi^ 

Lit. nIGa.NMOt|jR|MO 
TX^*fflHTUV«3tU av»T. KS* 

««Kg»U2x 1 0«To r r <B*$*TA 1 
0. 2 W m©JpaTS{ajlS*L&. -e-ogl. 7i:h>r 
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(6) 


4$SW6 - 6 9 5 4 6 


GaN(B©M»SM<3!)TX^$ffl^TUVaiJCL, a 
*bfc. «WT. XffiK*«£H*L2x 1 O-To r 
rO)*fi«fiTA-u*R*0. 2Mm©Jp*TrKfi«»L' 

JB«Lft. w®ff»L&»3fc*?tAr«*-e3 0 0<C 

■*±lX±ffiHSB7 (a) , (b) \Z7Kbft. 
[0 0 3 0] ft?y^*yf^if|i^.>>^' 
SrflV^Tffofc. IS^^^O. 5mmxo. 5m 

[0 0 3.1] H«0*»T1 0 0<@CDLED£f£»L£ 
[0 0 3 2] 

OfrU, nIGaNg, i SG aNJfCDMfttti t>A g 

H«0*i6-tfl 0 0fl©LED^»Lfci:C5 % Ag 

LEDTL*Wtr«fcflE)Bl»6nft*ofc. 
[0 0 3 3] 

MUM 2] ftftttSSiLTA 1> Oi'RH«ftA 

U MB-EJfcfcJ:9Ga:-. I nz NiR^Il2g 
«*©LED*fM|Ufc|ifcoV»TRi!r*. 021:^ 

7 l:^SMt$^^9A9 8 m&MBE 
[0 0 3 4] **«^y#2K:ttGaftj|*An, 1 0 

2oci:miu *»H/^#3Kttr n fc*fcAfti 

'U *X»X*8SaUT«X-fe^7lC5cc/min 

[0 0 3 5] XSj$moEAH «MC^T2X 
I0*»Torn?t^. ST, i£«6*9 0 0t:T3' 

o»min»u ^^T7oorowi(c«»taB*fT 

5. *«tt7>*=7t3 0 0TClClnl|»L&3(fxi:^7 


20 


#SftlftLfc#tSGa<S: I nWSOyt'^-^W 

$^izMg^^v-^LT3 0 ox:\z&rztircm 

/secOSliSTifO. O5//m0j?$T«iL 
■T*l0«*H««i,fc. *fcS«iifi^7 5 ore 

fiattTiWO. 5/tm©nfflGaN*I*«fiU $ 
5 IC*® ± # 2 fc* 4 <D v * y > - £ [1 tt 

7TMffSH-fcr>yufeiaGaN»JKSl. 5*>^ 
*>n-A/ 8 e cO^feSSTK^O. OSumcDiP 
*T««UTl|.2 0«eift*jaU)t. 
[0 0 3 6] ^*]W»**nT^*M'ii©R#H.ii' 
X£X*tt$ffl(rvr2x 1 0-«To r rtf>K£*TA 1 
$3 0 0 0*>irX-hQ i -Afl!)B4T**.LK»«*» 

a? SO.Orpm, 3 0 s e c CD£#Tl^X h £SfcfcU 
9 0rcO^U->^-^> t f 3T3 O^ffl^U^-^L, 
... It. ^-^t; *f/^->Wl©7X^*fl^TU 
. VB5tU «v»T. Una«E5 0 0V, £E* 
2X1 O'^To r rco&#G0ArT2 54WB-f U 

^Mlrit2 5-0 0 rpm, 30sec^#?l/y 

xh«fc*u 9 ot:o^u->*-y>i(iT«3 o£>m 

^ «*U «^T, ima^jESOOV, £*2 

x 1 O^To r r<D&ft<DAr#m%.*m 5»IB-f * 
>S'J>y«m>*#B& iiGaNI, nIGaN 
1, liGao.j Im.i NJB£H*icLfc. ^ffi 
Xfcf>3-^-^^2 50 0 rpm, 3 0 s e c © 
*tfTl/^xhMMyu 9 0t;©#U 

V. EE272X 1 0-To r r ©*ft0A r »IM*/C 1 
3»BI-f*>5U>ytffVi3F«»ttiaG.aN«. n 

1^X2 5 0 0 rpm, 30s ec^#Tl/yXh*S 

*.u 9 o < c©^u->^-^>if3T3 oi^rayp^- 

GaNitHSLfctoft 7irK>Xi^>-Xh£» 
SLfc. :^T. tfttlPKiry hbxi Occ/mi n 
(D7>^7^WT5 0 0t;, 3 05HflO&fflg£ 
fr-afc. 2b(C, *fcr>3-*-&JBux2 5 0 0 r p 
■m, 3bsecO*fr-ci/^N€WU 9 0t©^' 
5^ U->t-y>*T3 0»IB^P^-^Lfc.. ^-^ 
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(7) 


11 


#§B¥6 -6 9 5 4 6 


ft. nlGaNBiWnlGa,., i n,.: NS©« 
T. SSSSfcSNCgSL 2 X l O-'To r r ©£$(£■? 

«->TT. iaGaN«*J:tf iUGai.i In,., NfO 
&»T..*ffi*tac£*l,2x l o-'To r r©S3>}> 

ft. 7-feh>-C<j7h^7LT«ffi/^->^EEL JO. 
it. ;i©#SIL£$Bfc3R-?£Arig*T3 0 Otfll? . 

«LS:* : f9 i »;70«!f®l2l* < i:af±B0SH9 (a) 
(b) tr^f. . 

[0 0 3 7] -^v1fo>iiv7->t >{T\ty-fr»{f'J- 

..e«t>rff-9fc. i*?f^tti mm xi mmtL . 

nA>*rT?ij-K«tC^-f#>5 f <>^Lfc. -?-©» 
n33G.aNB*«fctfnl!Ga,., i no., N«©«ffi£ 
*-fir-*>5V >^SIBSffl l>T3 0/tm*AuI? # 
mkL1t. SSlCiSlGaNJSSatU-KSM*, ifi 

Ga..; i n . ;2 Nrntrntv-mtttzv-fv-x 

>ymKZm*T3 0 Mm*AuST?lS«L£. 

JhLT. ■ lO.CSriSfcLEDtfML-fc. 
[0 0 3 8] 0 0ffl©LEDS^»L& 

9 5fi©LEDT^*t«R$n75:. C©LE 
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